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PROBLEM TO BE SOLVED: To provide an optical waveguide which 
has a low propagation loss, can be formed on an arbitrary 
substrate and is easily manufactured and its manufacturing 
method. 

SOLUTION: An optical waveguide 11 is provided witch the partial 
cylindrical body part which is composed of material transparent to 
the wavelength of propagating light and has an elongated shape 
and the terminal part 1 2 of the partial spherical surface body or 
the curved surface body similar to it, which is composed of the 
same material as the partial cylindrical body part curd is smoothly 
connected to the partial cylindrical body part. The propagating light 
is optically guided by repeating the whole reflection in the partial 
cylindrical body part and the boundary surface dividing the shape 
of the terminal part. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The part of a partial cylinder object with the configuration which consisted of the transparent 
ingredient to the wavelength of propagation light, and was extended for a long time, Optical waveguide 
characterized by guiding waves and going by the repeat of the total reflection in the interface where it 
has the trailer of the curvilinear solid configuration near the partial spherical-surface object thru/or it 
which consisted of the same ingredient as the part of this partial cylinder object, and was smoothly 
connected with this, and propagation light draws the configuration of a part for this partial cylinder 
soma, and a trailer. 

[Claim 2] Optical waveguide according to claim 1 characterized by making the partial spherical-surface 
object which has the ups-and-downs section and led to the partial cylinder object whose configuration of 
this ups-and-downs section is two smoothly thru/or the curvilinear solid near it. 

[Claim 3] Optical waveguide according to claim 1 characterized by making the partial spherical-surface 
object with which it has an intersection and the configuration of this intersection led to two or more 
partial cylinder objects smoothly thru/or the curvilinear solid near it. 

[Claim 4] Optical waveguide according to claim 1, 2, or 3 to which the clad which consists of the 
ingredient of a low refractive index from this core is characterized by being partially stuck and prepared 
in said interface of this core at least by using as a core the part connected with a part for said partial 
cylinder soma, and it with this ingredient. 

[Claim 5] Said clad is optical waveguide according to claim 4 characterized by including the substrate 
section prepared in the plane interface of the core which consists of the part connected with a part for 
said partial cylinder soma, and it with this ingredient by sticking partially at least. 
[Claim 6] Optical waveguide according to claim 5 characterized by being formed so that it may combine 
with a core and the light which carries out incidence through said trailer to said substrate section in 
general perpendicularly may be spread. 

[Claim 7] Optical waveguide according to claim 5 or 6 characterized by being formed so that outgoing 
radiation of the light which has spread said core may be carried out through said trailer to said substrate 
section in general perpendicularly. 

[Claim 8] Optical waveguide given in claim 1 thru/or any of 7 they are. [ which is characterized by the 
ingredient which constitutes said optical waveguide consisting of resin or glass ] 
[Claim 9] Optical waveguide given in claim 1 thru/or any of 8 they are. [ to which said optical 
waveguide is characterized by being prepared on semi-conductor substrates, such as a resin plate, a glass 
plate, a quartz plate or Si, GaAs, and InP, ] 

[Claim 10] Optical waveguide according to claim 9 characterized by the substrate with which said 
optical waveguide is formed having flexibility. 

[Claim 1 1] Optical INTAKONEKUSHON equipment with which it is optical INTAKONEKUSHON 
equipment containing optical waveguide given in any [ claim 1 thru/or ] of 10 they are, and the optical 
I/O section of the optical waveguide like said trailer is characterized by being formed in the substrate 
upper part or the lower part by which the light emitting device or the photo detector has been arranged at 
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least. 

[Claim 12] Said light emitting device is optical INTAKONEKUSHON equipment according to claim 1 1 
characterized by being the surface emission-type laser which consisted of semiconducting crystals and 
equipped the both sides of a barrier layer with the reflective mirror. 

[Claim 13] Said light emitting device is optical INTAKONEKUSHON equipment according to claim 1 1 
characterized by being the light emitting diode which consists of semiconducting crystals and consists of 
pn junction or pin junction. 

[Claim 14] Said photo detector is optical INTAKONEKUSHON equipment according to claim 11,12, 
or 13 which consists of semiconducting crystals and is characterized by being pin photo diode. 
[Claim 15] Said photo detector is optical INTAKONEKUSHON equipment according to claim 11,12, 
or 13 which consists of semiconducting crystals and is characterized by being a MSM (Metal- 
Semiconductor-Metal) mold photodetector. 

[Claim 16] Said light emitting device is optical INTAKONEKUSHON equipment given in claim 1 1 
thru/or any of 15 they are. [ which is characterized by being unified on the semi-conductor substrate by 
which the drive of a light emitting device and the electronic circuitry for control were integrated ] 
[Claim 17] Said photo detector is optical INTAKONEKUSHON equipment given in claim 1 1 thru/or 
any of 16 they are. [ which is characterized by being unified on the semi-conductor substrate by which 
the electronic circuitry magnification of a photo detector and for control was integrated ] 
[Claim 18] Optical INTAKONEKUSHON equipment given in claim 1 1 thru/or any of 17 they are. [ to 
which said optical waveguide is characterized by carrying out optical wiring of the semi-conductor 
circuit chip of each other ] 

[Claim 19] Optical INTAKONEKUSHON equipment given in claim 1 1 thru/or any of 17 they are. 
[ which is characterized by being formed so that said optical waveguide may connect the chip inter 
module by which two or more mounting of the semi-conductor circuit chip was carried out with optical 
wiring ] 

[Claim 20] Optical INTAKONEKUSHON equipment given in claim 1 1 thru/or any of 17 they are. 
[ which is characterized by said optical waveguide performing optical wiring in the board mounted by 
intermingling a semi-conductor circuit chip and a chip module ] 

[Claim 21] Optical INTAKONEKUSHON equipment given in claim 1 1 thru/or any of 17 they are. 

[ which is characterized by being formed so that said optical waveguide may connect between the boards 

on which the semi-conductor circuit chip thru/or the chip module were mounted ] 

[Claim 22] The production approach of the optical waveguide characterized by the optical waveguide of 

the optical INTAKONEKUSHON equipment of a publication being produced by optical waveguide 

given in any [ claim 1 thru/or ] of 10 they are or claim 1 1 thru/or any of 21 by mold push using metal 

mold. 

[Claim 23] It is the production approach of the optical waveguide of optical waveguide given in any 
[ claim 1 thru/or ] of 10 they are or claim 1 1 thru/or optical INTAKONEKUSHON equipment given in 
any of 21. the substrate for plating which has a conductive part partially at least — using — (1) - the 
process which forms an insulating mask layer on the conductive part of said substrate — Said substrate 
for plating is used as cathode. (2) ~ the process which forms opening of the shape of a slit with the 
suitable pattern for said mask layer, and (3) — by electroplating the process which forms a deposit on 
opening and a mask layer through opening, and (4) - the process which forms metal mold in the 
substrate in which said deposit was formed - (5) - the process which exfoliates said metal mold from 
said substrate, and (6) — the production approach of the optical waveguide characterized by having the 
process which carries out templating of the optical waveguide ingredient using said metal mold. 
[Claim 24] The production approach of the optical waveguide according to claim 23 characterized by a 
deposit growing isotropic focusing on opening by electroplating in said process (3). 
[Claim 25] The production approach of the optical waveguide according to claim 23 or 24 characterized 
by controlling plating time amount and plating temperature in said process (3), and controlling the 
magnitude of the partial cylinder object of a deposit. 

[Claim 26] The production approach of the optical waveguide according to claim 23, 24, or 25 
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characterized by including the process which forms a sacrifice layer in said process (3) after forming a 
deposit. 

[Claim 27] The production approach of optical waveguide given in claim 23 thru/or any of 26 they are. 
[ which is characterized by forming metal mold by plating in said process (4) ] 

[Claim 28] The production approach of the optical waveguide according to claim 26 or 27 characterized 
by being carried out when the process which exfoliates metal mold from the substrate for plating 
removes said sacrifice layer in said process (5). 

[Claim 29] The production approach of optical waveguide according to claim 26 or 27 that the process 
which exfoliates metal mold from the substrate for plating is characterized by being carried out by 
carrying out sequential etching removal of a substrate and the deposit in said process (5). 
[Claim 30] The production approach of optical waveguide given in claim 23 thru/or any of 29 they are. 
[ which is characterized by using Si wafer as said substrate for plating ] 

[Claim 31] The production approach of optical waveguide given in claim 23 thru/or any of 30 they are. 
[ which is characterized by said mask layer consisting of a photoresist ] 

[Claim 32] The production approach of optical waveguide given in claim 23 thru/or any of 31 they are. 
[ which is characterized by forming said slit-like opening by the pattern set by the design of optical 
waveguide ] 

[Claim 33] The production approach of optical waveguide given in claim 22 thru/or any of 32 they are. 
[ which is characterized by the ingredient which constitutes said optical waveguide consisting of resin or 
glass ] 

[Claim 34] The production approach of optical waveguide given in claim 22 thru/or any of 33 they are. 
[ to which said optical waveguide is characterized by being prepared on semi-conductor substrates, such 
as a resin plate, a glass plate, a quartz plate or Si, GaAs, and InP, ] 

[Claim 35] The production approach of optical waveguide given in claim 22 thru/or any of 34 they are. 
[ which is characterized by the substrate with which said optical waveguide is formed having flexibility ] 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide suitable for integration with a 
light emitting device and a photo detector, its production approach, and the optical 
INTAKONEKUSHON equipment using this. 
[0002] 

[Description of the Prior Art] Optical waveguide consists of high ingredients with a permeability of 
several 10 micrometers from the line breadth of several micrometers, and can realize from it various 
functions to be as modulating the function, a wavelength filter, or multiplexing/spectral separation, the 
luminous intensity, and the phase of not only propagation of light but unification/branching of light 
**** p or t his reason, broad application is expected from the field of information processing, such as an 
information transmission, optical memory, etc. using light, such as an optical transmission system and 
optical INTAKONEKUSHON. 

[0003] As a light emitting device for performing optical transmission through optical waveguide, 
recently, light is emitted to a substrate perpendicular direction, and it is a low ** value and, moreover, 
development of the easy field luminescence laser of array-izing is progressing. Moreover, although it is 
not laser, LED (light emitting diode) is also widely used as an easy light emitting device of mounting by 
low cost. Since the photo detector and gestalten of a gestalt which such field outgoing radiation types of 
light emitting device receives from the first in a field, such as photo diode, are alike, combination 
compatibility is also good constitutionally, and the application to optical INTAKONEKUSHON (optical 
wiring or optical connection, and homonymy) which connects the modules between boards and in a 
board or LSI chips attracts attention. 

[0004] By such reason, it can form not only in a glass substrate, a quartz substrate, a resin substrate, etc. 
but in Si wafer, a SOI (Semiconductor on Insulator) wafer, GaAs, a compound semiconductor wafer 
called InP, etc. freely, and the demand of the high optical waveguide of mass-production nature is 
increasing. Of course, association with that propagation loss is low, a light emitting device, or a photo 
detector is easy as fundamental engine performance of optical waveguide, and it cannot be 
overemphasized that it is called for that an insertion loss is low. Moreover, the activity of optical 
waveguide is proposed also in the spontaneous light type display unit and reader which utilized 
electroluminescence (EL), LED, etc. Furthermore, also in the new optical-information-processing fields, 
such as a massively parallel processing/operation expected, optical waveguide will be required in a 
transfer of the information by light, or a signal from now on. 
[0005] 

[Problem(s) to be Solved by the Invention] Conventionally, into substrates, such as Si02 and LiNb03, 
through the selection mask, refractive-index change was given by diffusion of a metal ion etc., or the 
convex type configuration was formed on the front face by etching as typical optical waveguide and its 
production approach. Moreover, how to form Si02 film on Si wafer and produce waveguide is also 
learned. Recently, resin, such as PMMA and polyimide, is applied, it lets patterning, such as direct or a 
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photoresist, pass, and the approach of making an optical waveguide configuration is also performed. 
[0006] Thus, it was common to have formed optical waveguide with phot lithography on a substrate by 
the conventional approach. Consequently, usually the optical waveguide cross section became a 
rectangle or a trapezoid. Moreover, when optical waveguide was produced by etching, it was ruined not 
a little and it caused propagation loss. Furthermore, in order to carry out optical coupling of the optical 
waveguide to a light emitting device or a photo detector, the light emitting device or the photo detector 
was mounted in the basis of precise alignment to the optical waveguide end face. In practice, in order to 
raise joint effectiveness, it is also common to use 1 thru/or two lenses in between. Moreover, when 
luminescence/photo detector was located upwards to optical waveguide, 45 inclinations were attached to 
the optical waveguide end face, it considered as the mirror, or the grating coupler was formed, and 
optical coupling was planned. Such technique has all come [ however, ] to acquire joint effectiveness 
with a making process sufficient complicated to stability. 

[0007] Moreover, there are some which were indicated by JP,06-45584,A as an example of optical 
INTAKONEKUSHON using optical waveguide. Although this is performing optical wiring in an 
integrated circuit using optical waveguide, optical waveguide is a rectangle-like and the optical 
waveguide edge which performs optical coupling with luminescence/photo detector perpendicularly 
serves as a slanting inclined plane. Therefore, separate formation of the lens for condensing guided wave 
light needed to be carried out. Moreover, since the production approach of optical waveguide was based 
on the conventional approach, the substrate which forms optical waveguide had a limit. 
[0008] this invention is accomplished in view of the trouble which the above-mentioned conventional 
technique has - having — the purpose - (1) propagation loss — low — optical waveguide with high 
optical coupling effectiveness with (2) light emitting devices and a photo detector ~ it is — the substrate 
top of (3) arbitration — formation — possible ~ (5) with a high controllability with easy and (4) 
production — low cost — it is offering the optical waveguide [-izing / optical waveguide ], and its 
production approach. Furthermore, in the combination of this optical waveguide, and a light emitting 
device and a photo detector, it is simple and is in offering the optical INTAKONEKUSHON equipment 
of a high-speed broadband. 
[0009] 

[Means for Solving the Problem and its Function] In order to attain the above-mentioned purpose, the 
optical waveguide of this invention The part of a partial cylinder object (the configuration where the 
cylinder object was cut in the field parallel to a medial axis is called like this on these specifications) 
with the configuration which consisted of the transparent ingredient to the wavelength of propagation 
light, and was extended for a long time, It has the trailer of the curvilinear solid configuration near the 
partial spherical-surface object (the configuration where the solid sphere was cut in the suitable field is 
called like this on these specifications) thru/or it which consisted of the same ingredient as the part of 
this partial cylinder object, and was smoothly connected with this. It is characterized by propagation 
light guiding waves and going by the repeat of the total reflection in the interface which draws the 
configuration of a part for this partial cylinder soma, and a trailer. With this basic configuration, as 
shown in drawing 1 , the optical waveguide 1 1 of this invention is making the semicircle tubed partial 
cylinder object the propagation of light typically, and the optical I/O section (typically optical 
waveguide trailer) 12 is making the partial spherical-surface configuration or the configuration near it. 
Since a cylinder side is smooth, compared with the rectangle optical waveguide comparatively ruined [ a 
side face's ], propagation loss has the low description. And since optical waveguide termination makes 
the configuration like a spherical-surface configuration, for example, as shown in drawing 2 and 
drawing 3, this configuration of the optical I/O section 22 of optical waveguide 21 works as a concave 
surface mirror, and optical coupling with the light emitting device 23 and photo detector 24 which carry 
out close outgoing radiation at right angles to the substrate section 26 can be performed easily. In 
addition, in drawing 1 , drawing 2 , and drawing 3 , the substrate members (clad) 13 and 26 consist of 
the ingredient which has a refractive index smaller than optical waveguides (core) 1 1 and 21. 
[0010] Based on the above-mentioned basic configuration, the suitable gestalt like a less or equal is 
possible. Optical waveguide has the ups-and-downs section, the partial spherical-surface object which 
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led to the partial cylinder object whose configuration of this ups-and-downs section is two smoothly 
thru/or the curvilinear solid near it are made, or it has an intersection and the partial spherical-surface 
object with which the configuration of this intersection led to two or more partial cylinder objects 
smoothly thru/or the curvilinear solid near it are made. 

[001 1] Moreover, the clad which consists of the ingredient of a low refractive index from this core is 
partially stuck and prepared in said interface of this core at least by using as a core the part connected 
with a part for said partial cylinder soma, and it with this ingredient. 

[0012] Moreover, said clad contains the substrate section prepared in the plane interface of the core 
which consists of the part connected with a part for said partial cylinder soma, and it with this ingredient 
by sticking partially at least (refer to drawing 1 thru/or drawing 3 ). 

[0013] Moreover, it is formed, or it is formed so that outgoing radiation of the light which has spread 
said core may be carried out through said trailer to said substrate section in general perpendicularly, so 
that it may combine with a core and the light which carries out incidence through said trailer to said 
substrate section in general perpendicularly may be spread. 

[0014] The ingredient which constitutes optical waveguide can consist of resin or glass, and optical 
waveguide may be prepared on semi-conductor substrates, such as a resin plate, a glass plate, a quartz 
plate or Si, GaAs, and InP. In this case, it may have flexibility so that it may be easy to treat the 
substrate with which optical waveguide is formed. 

[0015] In order to attain the above-mentioned purpose, the optical INTAKONEKUSHON equipment of 
this invention is optical INTAKONEKUSHON equipment containing the above-mentioned optical 
waveguide, and it is characterized by forming the optical I/O section of the optical waveguide like said 
trailer in the substrate upper part or the lower part by which the light emitting device or the photo 
detector has been arranged at least. 

[0016] In this configuration, a light emitting device is light emitting diode which consists of 
semiconducting crystals, is the surface emission-type laser which equipped the both sides of a barrier 
layer with the reflective mirror, or consists of semiconducting crystals, and consists of pn junction or pin 
junction. 

[0017] A photo detector consists of semiconducting crystals, it is pin photo diode, or it consists of 
semiconducting crystals, and is a MSM (Metal-Semiconductor-Metal) mold photodetector. 
[0018] Moreover, the light emitting device is unified on the semi-conductor substrate by which the drive 
of a light emitting device and the electronic circuitry for control were integrated, or the photo detector is 
unified on the semi-conductor substrate by which the electronic circuitry magnification of a photo 
detector and for control was integrated. 

[0019] In this optical INTAKONEKUSHON equipment, it is formed or optical waveguide is performing 
optical wiring in the board mounted by intermingling a semi-conductor circuit chip and a chip module, 
or it is formed so that between the boards on which the semi-conductor circuit chip thru/or the chip 
module were mounted may be connected, so that optical wiring may tie the chip inter module which 
carried out optical wiring of the semi-conductor circuit chip of each other or by which two or more 
mounting of the semi-conductor circuit chip was carried out. 

[0020] In order to attain the above-mentioned purpose, the production approach of the optical 
waveguide of this invention is characterized by producing the above-mentioned optical waveguide by 
mold push using metal mold. Moreover, the substrate for plating which has a conductive part partially at 
least is used. Said substrate for plating is used as cathode. (1) - the process which forms an insulating 
mask layer on the conductive part of said substrate, and (2) — the process which forms opening of the 
shape of a slit with the suitable pattern for said mask layer, and (3) - by electroplating the process which 
forms a deposit on opening and a mask layer through opening, and (4) ~ the process which forms metal 
mold in the substrate in which said deposit was formed, and (5) ~ the process which exfoliates said 
metal mold from said substrate, and (6) — it is characterized by having the process which carries out 
templating of the optical waveguide ingredient using said metal mold. 

[0021] The production approach of the optical waveguide which has the above-mentioned process can 
take the more concrete gestalt like a less or equal. 
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[0022] In said process (3), it is adjusted, or plating time amount and plating temperature are controlled 
and the magnitude of the partial cylinder object of a deposit can be controlled so that a deposit grows 
isotropic focusing on opening by electroplating. 

[0023] Moreover, in said process (3), after forming a deposit, the process which forms a sacrifice layer 
may be included. In this case, the process which exfoliates metal mold from the substrate for plating is 
performed by removing a sacrifice layer. 

[0024] Moreover, in said process (4), metal mold can be formed by plating. Exfoliating metal mold from 
the substrate for plating may be performed also by carrying out sequential etching removal of a substrate 
and the deposit. 

[0025] Si wafer etc. can be used as said substrate for plating, and said mask layer can consist of a 
photoresist. 

[0026] Said slit-like opening may be formed by the pattern set by the design of optical waveguide. 
[0027] thus, the substrate which has the partial cylinder object crevice produced using the production 
approach of the partial cylinder object structure of explaining the optical waveguide of this invention 
below — optical waveguide — public funds ~ it is produced by using as a mold. This is explained more 
to a detail. 

[0028] The optical waveguide of this invention is produced as a mold (metal mold master) using the 
partial cylinder object-like deposit 42 which grew from the opening 41 of the shape of a slit as shown in 
drawing 4 (a) (for example, very thin rectangle configuration). Technique is performed as follows, for 
example. The partial cylinder object 42 which becomes the slit-like opening 41 formed in the insulating 
mask layer 44 prepared on the substrate 43 which has the conductivity used as a plating electrode from a 
deposit by electroplating is formed, a metal-mold ingredient is formed on metal mold (master) by using 
as metal mold (master) the substrate which has the partial cylinder object 42, and metal mold is first 
produced by exfoliating metal mold from said metal mold (master). If it plates on the slit-like opening 
41, plating deposits in opening 41 first, and if it plates further, a deposit will begin to grow on opening 
41 and the mask layer 44. If slit width is fully small compared with the anode plate of electroplating 
which counters within a plating bath, a deposit 42 will grow isotropic. Therefore, as shown in drawing 4 
(b), in the field which intersects perpendicularly with a slit 41, a deposit 42 is formed in the direction 
which meets a slit 41 on opening 41 and the mask layer 44 in parallel in the shape of a semicircle. 
Consequently, the grown-up deposit 42 will make a partial cylinder object. In order that plating may 
grow isotropic, it will present a partial spherical-surface configuration or the configuration near it at slit 
termination. 

[0029] Under the present circumstances, if the relational expression phi<=0.35R Becoming is filled 
when setting width of face of opening to phi and R Carrying out the radius of curvature of the opening 
right above section of a deposit, a partial cylinder object can be formed more in accuracy. That 
satisfying the above-mentioned relational expression especially has important semantics in order to give 
desired radius of curvature is the case where the width of face of said opening exceeds 10 micrometers. 
Moreover, even if the width of face of said opening is 10 micrometers or less, a partial cylinder object 
can be formed more in accuracy. This may be used when asking for a thinner optical waveguide core. 
[0030] Since the above-mentioned technique can stop the deposit of plating if the current which flows 
between an anode plate and cathode is stopped as compared with the approach of forming the original 
edition by etching when a desired configuration is acquired, it can avoid an unexpected configuration 
error which will be etched by the time amount to rinsing, and is good. [ of the controllability of 
production ] Moreover, since the path of the partial cylinder object 42 is controllable by control of 
deposit time amount, the optical waveguide which has the width of face of arbitration is producible with 
control. After the metal mold for optical waveguides forms metal mold in the substrate (master) in 
which the deposit was formed, it is obtained by exfoliating metal mold. 

[0031] thus, the production approach of this invention — typical — the gestalt of the partial cylinder 
object deposit of the above — using — optical waveguide - public funds - the configuration of the 
optical waveguide which forms a mold and was formed by molding using this metal mold becomes 
equal to the configuration of a deposit 42. as the ingredient of optical waveguide — optical waveguide - 
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public funds - an ingredient with easy exfoliation with a mold is used. 

[0032] Since direct formation can be carried out from the metal mold (master) formed in electroplating, 
the above-mentioned metal mold for optical waveguides becomes possible [ not needing an expensive 
facility, being able to produce by low cost, and also oban-izing easily ]. Furthermore, the magnitude of a 
deposit can be controlled by plating time amount and plating temperature by in situ observation, and 
optical waveguide width of face can be controlled easily and with high precision. 
[0033] Moreover, the more complicated metal mold for optical waveguides can also be formed using the 
same approach by forming two or more slit-like openings in a mask layer to compensate for arrangement 
of optical waveguide. What is necessary is just to exfoliate metal mold and a substrate mechanically as 
the approach of exfoliation. However, since it may deform at the time of exfoliation if metal mold oban- 
izes, it is also possible to take the approach of carrying out etching removal of a substrate, a mask layer, 
and the deposit one by one than a rear face. 

[0034] When forming metal mold after preparing a sacrifice layer on a substrate and a deposit, it is 
possible by removing a sacrifice layer to exfoliate metal mold and a substrate. In this case, the ingredient 
of a sacrifice layer is chosen so that metal mold (master) may not be corroded by the etchant which 
etches a sacrifice layer. It is possible to carry out multiple-times use of the substrate which formed the 
deposit when a deposit and a substrate were not corroded by the etchant which etches a sacrifice layer, 
either as metal mold for metal mold (master), and when it becomes impossible for metal mold to use it 
with a blemish, dirt, etc. by use of multiple times, metal mold can be easily produced by the same 
approach. 

[0035] If it can form on the substrate in which the deposit was formed, as an ingredient of the metal 
mold for optical waveguides and can exfoliate, any ingredients, such as resin, a metal, and an insulator, 
can be used. As the formation approach of simple metal mold, after applying melting or the dissolved 
solution of a resin metallurgy group and glass on the substrate with which the deposit was formed and 
hardening it, it exfoliates by the approach of the exfoliation mentioned above, and it is formed. In this 
case, as a metal mold ingredient, a substrate and a deposit choose heat damage and the ingredient which 
is not alloyed. 

[0036] As other approaches, on a deposit and a mask layer, electroplating of the metal mold is carried 
out one by one, and it is formed by using a substrate as cathode. If a sacrifice layer is used, the electrode 
layer for metal mold will be formed on a sacrifice layer, and electroplating will be performed by using 
this electrode layer for metal mold as cathode, the optical waveguide produced by the above-mentioned 
approach - public funds - even if it uses a mold, optical waveguide is producible with molding. 
[0037] This becomes possible to produce the optical waveguide of the pattern configuration of 
arbitration easily [ are low cost and ]. 

[0038] Furthermore, since the optical waveguide production approach of this invention is the production 
approach by molding, it can perform optical waveguide formation of a up to [ the substrate of 
arbitration, or a sheet ]. Since optical waveguide can be formed also in up to a semi-conductor wafer, it 
is suitable for the unification with various light corpuscle children and electronic devices, and the so- 
called optical INTAKONEKUSHON equipment using light can be applied to a signal or data transfer in 
the large range. 
[0039] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of concrete this invention is explained, 
referring to drawing. 

[0040] The production approach of the optical waveguide of the 1st example of [1st example] this 
invention is explained below at a detail using drawing 7 from drawing 5 . 

[0041] First, the configuration of the substrate used by drawing 5 (a) is explained. The electrode layer 52 
is formed in the substrate 51 for plating formation, and the mask layer 53 is formed further. As a 
substrate ingredient for plating formation, it is also possible to use which [ of a metal, semi-conductors 
(silicon wafer etc.), and insulators (glass, a quartz, high polymer film, etc.) ] ingredient. If a metallic 
material is used as a substrate 5 1 for plating formation, it is not necessary to form the electrode layer 52. 
Moreover, if it has the conductivity which is extent in which electroplating is possible when using a 
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semi-conductor, it is not necessary to necessarily form the electrode layer 52. However, it is desirable to 
use an insulator, if you want to make an electrodeposted layer formed only in a desired field since the 
whole surface is exposed to electrodeposted liquid when using a metal and a semi-conductor as a 
substrate and an electrodeposted layer will be formed besides a metal mold forming face. Or it is also 
good to use what insulation- ized the front face of a metal and a semi-conductor partially. 
[0042] As an electrode layer 52, since it is exposed to plating liquid, it is chosen from the ingredient 
which is not corroded by the plating liquid to be used. It is required to have insulation as a mask layer 
53, and the insulation between the electrode layer 52 and plating liquid is maintained at the time of 
electroplating. The mask layer 53 can use both an inorganic insulator and an organic insulator that what 
is necessary is just the ingredient which has insulation. 

[0043] In order to form metal mold on the substrate 51 for plating formation, it is desirable to use the 
small substrate of a wave or surface roughness. Moreover, since a substrate may curve with the internal 
stress and thermal stress of a deposit, it is desirable to use the metal plate with big Young's modulus 
with good surface smoothness as a substrate, a glass substrate, a silicon wafer, etc. 
[0044] If the electrode layer 52 and the mask layer 53 are thickly formed on a substrate 51, surface 
roughness may increase by the formation approach. For this reason, as the formation approach of the 
electrode layer 52 and the mask layer 53, the thin film formation approaches, such as vacuum 
evaporation technique, a spin coat method, and the DIP approach, are used. 
[0045] Next, as shown in drawing 5 (b), the slit-like opening 54 is formed in the mask layer 53. A 
deposit is formed through opening 54 and a deposit grows also on the mask layer 53. By making 
opening width of face small, formation of the optical waveguide of a minor diameter is more possible. In 
opening formation, opening 54 is formed in the mask layer 53 by the semi-conductor photolithography 
and etching which can form minute opening. Since the process of etching can be skipped as a mask layer 
53 if a photoresist is used, it is desirable. 

[0046] As shown in drawing 7 , plating is soaked in the plating liquid 73 which contains a metal ion by 
using as a work piece 71 the substrate for plating formation in which opening was formed, connects 
between anode plates 72 with an external power 74, and forms a deposit in a sink and opening 54 for a 
current. By this, as first shown in drawin g 5 (c), a deposit 55 is formed in opening 54. Under the present 
circumstances, it is made for a flow of the plating liquid 73 near the opening not to occur during plating. 
If the minute opening 54 has a flow of plating liquid near the opening in case plating growth is carried 
out, the plating growth rate of the downstream will increase compared with the upstream of a flow, and a 
deposit will grow asymmetrically to a slit-like opening core. Therefore, since the deposit which becomes 
unsymmetrical cannot be used for metal mold, it is made this appearance. 

[0047] As an approach of making it a flow of plating liquid 73 not occur, the approach which does not 
agitate a plating bath is during plating. There is a method of preparing a mesh which diffusion of plating 
liquid is performed near the substrate, and checks a flow as other approaches. Especially the method of 
not ****(ing) is simple. The approach of not ****(ing) was used in this example. 
[0048] When plating, a substrate may curve with the internal stress of a deposit, and the thermal stress 
produced in order to raise the temperature of a plating bath and to perform electroplating. The Young's 
modulus and yield stress of resin have the difference of 4 or more figures small compared with a metal 
or an inorganic substance, this - a conductor, a deposit, and abbreviation - in the mask layer which 
consists of resin of comparable thickness, metal mold will curve easily. Moreover, since there is a 
problem swollen by the plating bath not only by stress but by resin, when using resin for a mask layer, it 
is good to make a mask layer thin compared with the thickness of the substrate which has a conductive 
substrate or an electrode layer. 

[0049] As are shown in drawing 5 (c) and the metal ion under plating bath 73 shows drawing 5 (d) by a 
deposit 55 being formed in opening 54 of electrochemical reaction, and continuing plating further, a 
deposit spreads also on the 53rd page of a mask layer. 

[0050] If it plates to the minute opening 54 in the plating liquid 73 containing a metal ion, the metal ion 
in plating liquid will focus on a deposit, the deposit of plating will advance isotropic as a growth 
direction, and the semicircle tubed structure 56 will be formed. The dimension of opening 54 is small 
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compared with an anode plate, and since the metal ion is dissolving into plating liquid 73 uniformly, 
plating growth becomes isotropic. 

[0051] Here, as optical waveguide to produce, the range of that width of face is several micrometers to 
several 10 micrometers, and, for this reason, it is necessary to make aperture width of a slit (opening 54) 
smaller than desired optical waveguide width of face. It is possible to control plating time amount and 
plating temperature by electroplating, and to control plating layer thickness by it easily. 
[0052] The main things which will be used if it is the ingredient in which other electroplating is possible 
although nickel, Au, Pt, Cr, Cu, Ag, Zn, etc. have Cu-Zn, Sn-Co, nickel-Fe, Zn-nickel, etc. with an alloy 
with a single metal as a plated metal are possible. Especially nickel, Cr, and Cu are the point which can 
do bright plating easily, and are desirable as a plating ingredient. 

[0053] Moreover, distributed plating by adding particulate materials, such as aluminum 203, and Ti02, 
PTFE, to a plating bath can also be used for formation of the partial cylindrical structure in 
electroplating. It becomes possible to improve the mechanical strength of metal mold, and corrosion 
resistance by the particulate material. 

[0054] thus, the substrate top which has the formed partial cylindrical deposit — optical waveguide — 
public funds - a mold is formed. As an approach of forming metal mold, the approach of applying as 
melting or dissolved liquid is also about the ingredient used as metal mold, and hardening is used on the 
substrate which has a partial cylindrical deposit. At this time, each good ingredient of the detachability 
of a metal mold ingredient and a deposit is chosen. The metal mold for optical waveguides can be 
formed by exfoliating. 

[0055] As other approaches of forming the metal mold for optical waveguides, electroplating liquid is 
changed and other plating ingredients are deposited on the partial cylindrical structure 56 of drawing 5 

(d) , it plates until it forms the film which continued on the substrate, and there is the approach of 
forming metal mold. Exfoliation of this approach chooses the good ingredient of detachability as a metal 
mold ingredient and a deposit, and exfoliates in them, or ~ or [ any, such as a substrate, a mask layer, 
and a deposit, ] ~ each etchant — etching removal - carrying out — optical waveguide — public funds — 
it carries out by leaving a mold. In this case, the metal mold ingredient which has etching resistance in 
said etchant is chosen. 

[0056] As an approach of exfoliating, there is the other approach of introducing a sacrifice layer. The 
metal mold for optical waveguides is formed by electroplating. By this approach, as shown in drawing 5 

(e) , the sacrifice layer 57 is formed on a substrate. Next, the electrode layer 58 for metal mold for 
electroplating is formed. Electroplating is performed in the plating liquid containing a metal ion by using 
using this electrode layer 58 for metal mold as cathode, and metal mold 61 is formed ( drawing 6 (a)). 
The metal mold 61 which has the electrode layer 58 for metal mold, and the substrate 51 which has a 
deposit 56 can exfoliate by carrying out etching removal of the sacrifice layer 57 next ( drawing 6 (b)). 
Next, metal mold can be formed by carrying out etching removal of the electrode layer 58 for metal 
mold ( drawing 6 (c)). 

[0057] Although the electrode layer 58 for metal mold was removed from drawing 5 by the production 
flow of drawing 6 , an optical waveguide side is polluted with molding by the electrode layer 58 for 
metal mold at the process which forms optical waveguide, or if problems, like the yield stress of the 
electrode layer for metal mold is small, and a blemish tends to be attached do not occur, it is not 
necessary to remove the electrode layer 58 for metal mold. 

[0058] Although the sacrifice layer 57 was formed on the deposit 56 and the mask layer 53 in the 
production flow of drawing 6 from drawing 5 , it is the process of sacrifice layer removal of not forming 
the sacrifice layer 57, but using the electrode layer 58 as a sacrifice layer, and resulting in (b) from 
drawin g 6 (a), and even if it carries out etching removal of the electrode layer 58, ** which forms the 
metal mold 61 of drawing 6 (c) is possible. 

[0059] the production approach explained above - the optical waveguide of this example - public funds 
~ it becomes possible to produce a mold. 

[0060] Next, the production approach of optical waveguide is explained. Here, the optical waveguide 
which consists of resin is explained, the optical waveguide obtained at the process mentioned above as 
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shown in drawin g 6 (d) -- public funds -- after applying resin 62, carrying the support substrate 63 from 
resin 62 subsequently on a mold 61 and resin's acquiring a uniform flat surface, it hardens according to 
the hardening conditions of the used resin. Heat-curing resin, ultraviolet-rays hardening resin, and 
electron ray hardening resin are stiffened by heating, UV irradiation, electron beam irradiation, etc., 
respectively. Light is irradiated from the rear- face side of optical waveguide in the case of UV 
irradiation. For this reason, in using the support substrate 63, it uses the support substrate which carries 
out light transmission. 

[0061] At the time of hardening, air bubbles are made not to be formed. When applying resin, it is good 
to perform degassing. After hardening, resin 62 exfoliates from metal mold 61, and optical waveguide is 
formed. Although the resin of the hardened partial cylinder object serves as an optical waveguide core, 
the support substrate itself may be used as a clad, and the cladding layer of beforehand sufficient 
thickness for a support substrate is formed, and the core by resin shaping may be formed, under the 
present circumstances, a cladding layer - a core - low - a refractive index ingredient is chosen. A 
support substrate may use it from optical waveguide, exfoliating. 

[0062] The ingredient in which light transmission is possible is used in the wavelength field of the light 
which luminescence or the photo detector used as optical waveguide using optical waveguide as resin 
uses. When producing optical waveguide by the above-mentioned approach, compared with the 
conventional technique, the limit to the ingredient of optical waveguide and a support substrate can be 
lessened. If the glass fused instead of resin is used, the optical waveguide of glass is producible. 
[0063] According to the production approach of the optical waveguide of [2nd example] this invention, 
it can perform easily forming the optical waveguide which has the pattern configuration of arbitration. 
For example, if it forms by the pattern which bent plating opening of the shape of a slit which produces 
the metal mold for optical waveguides, the optical waveguide 81 of L typeface which can bend the 
propagation of guided wave light as shown in drawing 8 will be produced. Thanks to isotropic plating 
growth, the ups-and-downs section 82 of optical waveguide serves as nothing and a curved-surface 
corner of total reflection in a partial spherical-surface object thru/or the configuration near it. Therefore, 
guided wave light carries out ups-and-downs propagation, without losing in dispersion or transparency. 
[0064] Similarly, according to the plating metal mold which formed and produced the slit of a Y shape, 
optical branching / unification waveguide 91 of a Y shape as shown in drawing 9 is formed. Like the 
example of drawing 8 , the amount of flection is smooth and the scattering loss of the guided wave light 
by branching becomes very small. 

[0065] Drawing 10 is the mimetic diagram of the metal mold of the optical unification machine of many 
inputs. It is that the field 104 which is thin as for the optical waveguide sections 102 and 103 before 
unification and after unification, and serves as slab optical waveguide makes large the pattern 101 of 
opening of the mask which deposits plating, and formation of the optical waveguide metal mold which 
has the two-dimensional configuration of arbitration is performed. 

[0066] Drawing 1 1 is the example which carried out the rectangular crossover of the optical waveguide 
111. Like this example, when rectangular arrangement of the optical waveguide is carried out, even if 
guided wave light spreads in an intersection 1 12 (this part also becomes a smooth surface configuration 
enough), optical waveguide HE of the direction which intersected perpendicularly is emitted without 
almost joining together, in order not to fulfill total reflection conditions. Therefore, although some 
insertion loss is accepted by the intersection 1 12, propagation of light is not concerned with the 
existence of a crossover, but is performed in the rectilinear-propagation direction. The orthogonality of 
such propagation signals is an impossible thing in electric wiring. 

[0067] As mentioned above, according to this invention, it is possible to draw the pattern of arbitration 
as optical waveguide, and die pressing of the optical waveguide ingredient is carried out, and it is carried 
out, and moreover, since it can form, it is efficiently employed in various application as optical 
waveguides the object for a communication link using light, the object for INTAKONEKUSHON, the 
object for measurement, for record, etc. 

[0068] The optical waveguide used by [3rd example] this example is explained using again drawing 5 
and the making process Fig. of drawing 6 . 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 8/29/2006 



, JP,2001-042150,A [DETAILED DESCRIPTION] 



Page 9 of 13 



[0069] It oxidizes thermally using oxidization gas and Si wafer of 6 inch phi with which Si thin film of 
1 -micrometer thickness was formed in both sides is used as a substrate 51 shown in drawing 5 . With the 
electron beam vacuum deposition which is one of the thin film forming methods, Cr and Au are formed 
in succession lOnm 200nm respectively, and the electrode layer 52 is formed in this wafer. 
[0070] Next, spin spreading of all the aromatic polyamide acid solutions is carried out, and the mask 
layer 53 which heat-treats and consists of polyimide film is formed. A photoresist is applied, exposed 
and developed by the photolithography, opening is prepared, and etching removal of the mask layer 53 
of opening of a photoresist is carried out by reactive ion etching using oxygen. In this way, the electrode 
layer 52 is exposed and opening 54 is formed. 

[0071] Then, a photoresist is exfoliated. Opening 54 is carrying out the shape of a slit, and the width of 
face is about 2 micrometers. As shown in drawing 7 , nickel plating is performed by using the electrode 
layer 52 as cathode using nickel plating bath 73 which consists of a nickel sulfate, a nickel chloride, 
boric acid, and a brightener by 50 degrees C of bath temperature, and cathode-current-density 5 A/dm2, 
using this wafer as a work piece 71. nickel plating deposits from opening 54 first, it grows up, and a 
deposit spreads also on the mask layer 53. In this way, the deposit 56 of the semicircle tubed structure 
shown in drawing 5 (d) was formed. In this case, plating was deposited until the width of face of a 
partial cylinder object was set to 10 micrometers. Under the present circumstances, if the thing of the 
magnitude of several centimeter angle is used as an anode plate 72, this will be a numeric value 
sufficiently large although isotropic plating is realized to width of face of about 2 micrometers of 
opening 54. 

[0072] next, the ordinary pressure CVD (Chemical Vapor Deposition) - by law, 1 micrometer 
(phospho-silicate glass) of PSGs is formed at 350 degrees C, and the sacrifice layer 57 is formed 
( drawing 5 (e)). Then, with electron beam vacuum deposition, Ti and Au are continuously formed by 
lOnm and 200nm thickness, respectively, the electrode layer 58 for metal mold is formed, and the metal 
mold for the metal mold of drawing 5 (e) is formed. 

[0073] Said nickel plating bath performs nickel plating by using the electrode layer for metal mold as 
cathode by 50 degrees C of bath temperature, and cathode-current-density 5 A/dm2, using this metal 
mold as a work piece, and metal mold 61 is formed ( drawing 6 (a)). Next, the substrate of drawing 6 (a) 
was able to be immersed in the mixed water solution of fluoric acid and ammonium fluoride, etching 
removal of the PSG which is the sacrifice layer 57 was able to be carried out, and a substrate 51 and 
metal mold 61 were able to be exfoliated ( drawing 6 (b)). At this time, Ti of the electrode layer 58 for 
metal mold is also removed by coincidence, next — Au of the electrode layer 58 for metal mold - the 
mixed water solution of iodine and a potassium iodide — etching removal — carrying out — optical 
waveguide - public funds - a mold is formed ( drawin g 6 (c)). 

[0074] the substrate after exfoliation being the configuration of having the semicircle tubed structure 56 
shown in drawing 5 (d), and performing the process of drawing 5 (e) and drawing 6 — again — optical 
waveguide — public funds - it becomes possible to produce a mold. 

[0075] In the production approach of the metal mold for optical waveguides of this example, since metal 
mold can be formed by electroplating, two or more metal mold of the same configuration can be formed. 
It is possible for the original edition to form the metal mold itself with metal mold (master) by this 
example to that of ****** at one sheet, and to form it by the conventional metal mold formation 
approach, using a sacrifice layer process. [ two or more ] Thereby, much more low cost-ization can be 
attained. 

[0076] Next, as shown in drawin g 6 (d), the resin 62 which consists of a photopolymer which carries out 
ultraviolet curing is dropped at metal mold 61, the glass substrate used as the support substrate 63 is 
carried on it, subsequently ultraviolet rays are irradiated, and resin 62 is stiffened. From a glass substrate 
63, since a photopolymer 62 is a high refractive index, it functions as an optical waveguide core. 
Moreover, a part of metal membrane for mounting the light emitting device, photo detector, and IC chip 
which are described below in a glass substrate 63 is formed. Moreover, although the glass substrate was 
used here, it is transparent similarly, and if it is ingredients with enough reinforcement, it can be used as 
a substrate used for this example. 
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[0077] Next, production of the light emitting device and photo detector which are combined with the 
optical waveguide like the above is explained. Here, as a light emitting device, the surface emission-type 
laser of 0.8-micrometer band was used, and pin photo diode was used as a photo detector. 
[0078] In drawing 12 , the surface emission-type laser chip 1201 has the following structures, on the 
GaAs substrate 1202, the one-wave resonator which consists of an AlGaAs/GaAs quantum well barrier 
layer 1203 and an AlGaAs spacer layer is inserted by the DBR (distribution Bragg reflection) mirrors 
1204 and 1205 which consist of the multilayers (about 20-30 sets) of the quarter- wave length thickness 
of AlAs/AlGaAs - as -- MOVPE (organic metal vapor growth) — it has structure which grew epitaxially 
by law etc. In order to perform a current constriction to a luminescence field, it etches to a barrier layer 

1203 in the shape of a circular ring, and current constriction structure is formed. And the electrode is 
formed, after embedding and carrying out flattening of the crevice with polyimide and forming and 
carrying out window opening of the insulator layers, such as SiNx. 

[0079] Although the luminescence field of a surface emission-type laser of the laser chip size in this 
example is 1 Omicrometerphi and the whole chip was used as 2mm angle, of course, size can be designed 
freely. However, in this example, since the AlGaAs/GaAs barrier layer 1203 with a band gap 
wavelength of 0.83 micrometers is grown epitaxially on a GaAs substrate, the GaAs substrate 1202 will 
become an absorber. Then, etching removes and window region 1206 is formed until the DBR mirror 

1204 exposes the GaAs substrate 1202, and it is considering as the structure which can take out light 
from a substrate 1202 side. 

[0080] The electrode pad 1208 corresponding to a surface emission-type laser 1201 is formed in the Si 
substrate 1207 which mounts a laser chip, and the laser drive transistor 1209 is also accumulated on it. 
The wiring 1208 on the Si substrate 1207 is formed by plating of Cu/nickel/Au etc., and the pewter is 
too formed in the electrode pad section by plating etc. By carrying out alignment of the electrode pad 
1208 on the polar zone on the laser chip 1201, and the Si substrate 1207, and heating it, the electric 
junction between both is acquired simply. 

[0081] In addition to the means using a pewter, this electric junction also has [ supersonic wave / 
sticking by pressure or ] the approach of joining applying in Au electrodes. Moreover, the anisotropic 
conductive adhesives containing an electric conduction particle may be applied and heated [ pressurize 
and ]. In this case, if Au wiring is formed by plating and made into the thickness of 10 micrometers or 
more, the anisotropy of adhesives can be pulled out, and junction of an electrode can be performed, 
taking the insulation with wiring which adjoins each other with the sufficient yield. 
[0082] On the other hand, as shown in the receiving-side substrate 1210 at drawing 12 , the pin mold 
photo diode 121 1 is formed, the structure of photo diode 121 1 — drawing 12 ~ outline ****-- it is like. 
That is, the n field 1212 used as a light sensing portion is formed in the p-(pi)-Si substrate 1210 by 
diffusion, the insulator layer 1213 of Si02 grade is formed, and the ring-like electrode 1214 and its 
wiring are formed. Electrode contact to the n field 1212 forms a through hole in an insulator layer 1213, 
and should just embed an electrode 1214. On the other hand, the p side forms p+ layer in a substrate rear 
face, and forms an electrode in the whole surface. The transistor 1215 for signal magnification is 
accumulated by the same substrate. 

[0083] The transmitting-side substrate 1207 produced as mentioned above and the receiving-side 
substrate 1210 were mounted by this example on the metal membrane on the glass substrate 63 with 
which optical waveguide 62 was formed. 

[0084] Drawing 13 and drawin g 14 are optical INTAKONEKUSHON equipment 1301 containing the 
optical waveguide produced by this example and a light emitting device, and a photo detector. To 
compensate for arrangement of LSI chip 1302, each substrate in which the surface emission-type laser 
1303 and photo diode 1304 for performing I (input)/0 (output) with LSI1302 with light were formed is 
mounted in optical INTAKONEKUSHON equipment 1301. And optical waveguide 1305 is spread 
around optical INTAKONEKUSHON equipment 1301 rear face so that it may correspond to the close 
outgoing radiation location of a surface emission-type laser 1303 and photo diode 1304. 
[0085] In order to make the vertical physical relationship intelligible at drawing 14 , the sectional view 
of an outline is shown. The outgoing radiation light from a surface emission- type laser 1303 expresses 
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signs that it is transmitted to photo diode 1304 in the path 1401 by optical waveguide 1305. By 
mounting LSI chip 1302 in optical INTAKONEKUSHON equipment 1301 like drawing 13 , data 
transfer during a chip can be performed to juxtaposition by making light into a signal at a high speed. 
[0086] The [4th example] The surface emission-type laser of 0.98-micrometer band was used for the 
light emitting device of this example. In drawing 15 , a surface emission-type laser 1501 has the 
following structure. The laminating of the structure which sandwiches the one-wave resonator which 
consists of a distortion duplex quantum well barrier layer which consists of InGaAs/GaAs, and an 
AlGaAs spacer layer on the GaAs substrate 1 502 by the DBR mirror which consists of the multilayers of 
the quarter-wave length thickness of AlAs/AlGaAs is carried out. In order to perform a current 
constriction to the luminescence field 1503, after etching to near the barrier layer in the shape of a 
circular ring, flattening of the crevice is embedded and carried out with polyimide. Under the present 
circumstances, it etches, and selective oxidation only of the AlAs layer of the side face of a DBR mirror 
in which it appeared may be carried out, and it may be further formed into a current constriction (you 
may make it the same also in the 3rd example). Since oscillation wavelength is 0.98 micrometers, the 
GaAs substrate 1502 can be made to penetrate in this example. Here, the aperture is opened in some 
electrodes 1504 so that the light from a surface emission-type laser 1501 can be emitted. Moreover, on 
the same substrate 1502, the shot key barrier mold FET (un-illustrating) is integrated, and it functions as 
a drive transistor of a surface emission-type laser. 

[0087] Like the structure shown in drawing 15 , the shot key barrier mold photo diode 1505 was used as 
a photo detector. Only by forming a Kushigata electrode 1506 like drawing 15 on a semi-conductor 
substrate, high sensitivity and a high-speed photodetector are obtained and this is called MSM (Metal- 
Semiconductor-Metal) photo diode. In this example, the GaAs buffer layer 1508 of undoping to the 
GaAs substrate 1507 of half-insulation is grown epitaxially to 1.5 -micrometer thickness, after forming 
SiNx as an insulator layer 1509, window region is formed, and a Kushigata electrode 1506 like drawin g 
15 is produced. This MSM photo diode 1505 is produced like the 3rd example in the location 
corresponding to the optical output edge of each optical waveguide 1511. 

[0088] The light emitting device and photo detector which were produced as mentioned above were 
mounted by the same technique as the 3rd example on Si wafer. 

[0089] It continues and the production approach of optical waveguide is explained. As a substrate for 
plating, the quartz-glass substrate of a 6 inch angle was used. Here, nickel plating bath is used for the 
deposit. The dimension of a substrate and opening presupposed that it is the same as that of the 3rd 
example. Next, the sacrifice layer of drawing 5 (e) is not formed, but the electrode layer for metal mold 
which consists of Ti and Au is directly formed on the substrate ( drawing 5 (d)) which has a deposit. 
Then, Au plating is performed by using the electrode layer for metal mold as cathode using the gold 
plate bath which consists of a gold cyanide potassium, a phosphoric acid-hydrogen potassium, a 
chelating agent, and a brightener by 40 degrees C of bath temperature, and cathode-current-density 1 
A/dm2, and the metal mold which consists of Au is formed. Thus, the metal mold of Au has been 
formed on the substrate which has a deposit. 

[0090] Next, the exfoliation process of metal mold is explained. First, after the mixed water solution of 
fluoric acid and ammonium fluoride removes a substrate and the ion milling using Ar removes an 
electrode layer, it is immersed in a TMAH (Tetramethyl ammoniumhydroxide) water solution, and the 
mask layer of the polyimide film is removed. Thus, a substrate, an electrode layer, and a mask layer are 
removed and the metal mold with which the semicircle tubed structure was embedded is formed. When 
metal mold was finally immersed in the sulfuric-acid water solution heated at 80 degrees C, etching 
removal of the semicircle tubed structure of nickel plating was carried out and it was shown in drawing 
6 (c), the same metal mold has been formed. 

[0091] Next, all aromatic poly amide acid solutions are dropped and the cladding layer 1510 which 
consists of polyimide by heat-hardening through a spin coat is formed in up to Si wafer which mounted 
a surface emission-type laser 1501 and MSM photo diode 1505. Then, after applying all aromatic 
polyamide acid solutions that are different in a cladding layer 1510 on the above-mentioned metal mold 
and sticking by pressure and heat-hardening on a cladding layer 1510, the optical waveguide core 1511 
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was able to be formed by exfoliating metal mold. The polyimide used as a core is the ingredient of a 
high refractive index [ cladding layer / 1510 ]. 

[0092] The good optical INTAKONEKUSHON equipment of the yield is realizable with this example 
with the compact which a light emitting device, a photo detector, an electronic circuitry, and optical 
waveguide unified. 

[0093] The SOI (Silicon on Insulator) substrate is used for the 5th example by [5th example] this 
invention as a mounting substrate of an optical waveguide substrate and a light corpuscle child, and an 
electronic device. Like the 3rd and 4th examples, the optical output of a surface emission-type laser 
makes optical waveguide spread, and carries out photodetection with photo diode. 
[0094] By drawing 16 , the MSM photo diode 1604 is formed in the SOI substrate with which SiO21602 
and the undoping Si layer (about 0.3 micrometers) 1603 were formed on the Si substrate 1601 like the 
4th example. Moreover, the p diffusion layer 1605 is established for isolation, and the bipolar transistor 
1606 is integrated as a driver for a surface emission-type laser drive. With this transistor 1606, the n 
diffusion layer 1607 is formed in the Si layer 1603, a collector electrode 1608 is formed, p mold 
diffusion layer 1609 is formed, a base electrode 1610 is formed, n mold diffusion layer 161 1 is formed 
further, and the emitter electrode 1612 is formed. 

[0095] In this example, it mounts to the SOI substrates 1601-1603 as a light emitting device using the 
surface emission-type laser chip 1613 which grew epitaxially and produced the AlGaAs/GaAs barrier 
layer with a band gap wavelength of 0.77 micrometers on a GaAs substrate. Window region 1615 is 
formed in an electrode 1614 for optical outgoing radiation. Moreover, in order to send and receive light 
from a SOI substrate rear face, ****** 0 f some Si substrates 1601 (1616 1617) is etched and carried out 
toSiO21602. 

[0096] The optical waveguide which consists of a clad 1618 and a core 1619 is formed in the SOI 
substrate rear face. Light will be used for some wiring in a chip when a direct integrated circuit is 
formed on the SOI substrate 1601-1603 of this example. Especially, between transistors with a long 
wiring distance, with detailed-izing of wiring, we are anxious about the fall of transmission speed, and 
increase of power consumption, and optical INTAKONEKUSHON becomes very effective. You may 
use as an optical interconnection during a chip or between boards not only like the inside of a chip but 
like the 1st example. 

[0097] In the old example, although optical waveguide was formed in the substrate of immobilization, of 
course, it can form also in up to a flexible substrate or a sheet. Drawing 17 shows the example. 
[0098] Optical waveguide 1702 is produced on the flexible sheet 1701, and they are boards 1703 and 
1704 and the example which is performing INTAKONEKUSHON between 1705. Optical 
INTAKONEKUSHON is similarly performed through optical waveguide 1708 between MCM1706 in a 
board 1703 (multi chip module), and 1707. 

[0099] Moreover, in the old example, as a light emitting device, although the example of the 
InGaAs/GaAs system on a GaAs substrate or an AlGaAs/GaAs system was shown, it is realizable that 
the same is said also of GalnNAs and GaAsSb which are a long wavelength ingredient on other 
ingredients, natural wavelength, i.e., the GaN system of blue luminescence, and a natural GaAs 
substrate. Since Si becomes transparent when using long wavelength regions, such as 1.3 micrometers 
and 1.55 micrometers, the photo detector which consists of ingredients, such as InGaAs or germanium, 
is suitable. 

[0100] Moreover, although the surface emission-type laser was used as a light emitting device in the 
example given here, the configuration is possible also at an edge surface-emitting type laser. Of course, 
since light emitting diode LED (light emitting diode) is a surface-emitting type like a surface emission- 
type laser, it is a suitable light emitting device for this invention. 
[0101] 

[Effect of the Invention] As explained above, since the trailer of optical waveguide has a partial 
spherical-surface configuration thru/or a configuration near it low [ propagation loss ] in order to use 
partial cylinder- like optical waveguide, with the optical waveguide of this invention, its production 
approach, and the optical INTAKONEKUSHON equipment using this, optical waveguide with high 
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optical coupling effectiveness with a light emitting device and a photo detector is realizable. 
[0102] Moreover, since the above-mentioned optical waveguide is produced using the mold produced 
with plating according to this invention, production is easy, formation of the size of arbitration is 
possible on the substrate of arbitration, and the optical waveguide which was excellent at mass- 
production nature can be produced. Furthermore, based on the optical waveguide by this invention, by 
combining with a light emitting device and a photo detector, it is simple and the optical 
INTAKONEKUSHON equipment of a high-speed broadband can be realized. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1 ] 
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[Drawing 5] 
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[Drawing 14] 
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[Drawing 17] 
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5 LV\, &J», *N*{*:05* 

[0 0 4 2] liI5 2 t LTi±, ;>< ?>£*v 

[0 0 4 3] ^ y*tef£Rm&. 5 1 ±(c&S!!£I*fc£-t-5 
[0 0 4 4] 1SI5 2Mvx^i5 3SrM5 1± 

^jstbTii, n^mmm. ^tr^a-hs-, y y 

[0 0 4 5] H15 (b) ^i-j:5Jc, -rx^Jf 
5 3K^y y HtHa«BJ5 4«r»*-f5. MP 5 4 §r 

i^y^^^tij; i5-?^^«5 3 (cBiP$p 
5 4 SrJgj^r*. ^^l53tLt, 7thW^b 

[0 0 4 6] B7fcSti5C, MR^Sr^ 

fttLfcp< y^fttffiStSSrI7— if 7 1 t Lx&mj'x-y 
Sr-^tf^ y*«7 3K}*W\ »S«7 2 t^WSr^gP® 
2S7 4 t58(f-C*SESrML, MnaiS5 4fc*5>*Ji«rJB 
ftt-r^o *-fH5 (c) (£^i-J;5S-ISP 
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-tz>» m^£ma^5 4io y*®.&-tz>m^ mp$b 
atmx°* v*m<Dffim&hz>b. m.m<D±mm\ca:-<x 

mttezpt v*mz&mammx£te\,wx\ :©« 

[0 0 4 7] ^ 3Wgftttl^et^i / Nj;5{--t-5 
[0 0 4 8] * •y*£ftt£om-&f&. * •y*m<Dft&fc 

ymRx*&fcmt)iz&m^mmVdictt^X'b£< 4«f« 

TLf 5. £fc, l£;>J(D#.ftib1\ «Ml-CI4>y**K: 

(cit^T^*? JI£3f< f^ri 
[0 0 4 9] 15 (c) ^TjrfJ: OlC* y*m7 3f© 

^M-r^-^^mm^sj^tcj;!!), hp s&s 4^ 

[0 0 5 0] ^JS^f*^^^ y*«7 3f T?|K/hft 

ffln^s 41c* y*%fto b. ^v^m^<D^m-i^y 

^ittfcififTU ^n«««5tff 5 e^Jgfig^ixSo BR 
Pg|5 5 4W^-ffi^^««icJt'<T/h$<, *fc&Jlf * 
v*-®.7 3 ^{C^brv^fcfe, * y* 

[0 0 5 1] <fe®k-tZ>ym$L'&t LTtt^O 

tii5t „ 1 1 o m mroiatfo !) > rwfcft, 
y y h (MP 83 5 4) WMP*I{40faw3t^!S^tiJ:i9 

^ ywmzfflmLx* yz-mvmz&mmcffl® 

[0 0 5 2] £ft, J y*&mk L-CI3*&JS-ei3\ N 
i, Au, Pt, Cr, Cvu Ag, ZnS, 'u&.X 
(1, Cu-Zn, Sn-Co, Ni-Fe, Zn-Ni 
^fcS/J^ 1©1»^ ^^fgftW^fcftiiffl^ 
Z>Z.tl$-*jmxhZ> 0 Ni, Cr, CufiftiR^ 

y*tmg,^XZZ>MX\ * v*ttnt LT£?*LV\, 
[0 0 5 3] St 2O3, Ti 



12 

<t «3 (6]±1" 5 r i # Wt6 1 ft 
[0 0 5 4] r©J; 5^J#LfcSP#nfi5#p< 

10 [00 5 5] ^^SSffi^Sr^-rSftilO^jfet VX 

it, mn.* y*m*mx., «b<D* v wwn5 (d) 

cO^R«tt*it»5 6±iC*Ttti$-ar, S«±iCjgi^b 

20 [0056] mm^no^mb lt«, f&t^ 

<9^1-So -(DUmX'te. El 5 (e) t^-r«(cs« 

mmmm 5 8 jrwts. r ^^sfflmis^ 5 8 
iu, tem^xi/^ti* yz-m^xmn* y*zn 

i4l6iWsSt5 me (a) ) ) „ rcti^ « 
tt^5 7 5r^ S '^Vi/|^*-r5r tT\ ^MffiS^l*5 
8^^ft-5^S6 1 b, ^y^l5 6lrft5StS5 1 
^fi|Rlt?#S (i6 (b) ) „ ^SfflS«iS5 8 

30 ^y^i/^^r^z. bx&m&Mi&xz z> me 

(C) ) 0 

[0 0 5 7] HI5^bia6^)f^Sa7n— -eii^^ffi^ 
sKtSIgtT, ^Mfflmil^5 8(CJ;i9 3fe^iSffi$r 

1«5 8?rl^*Lft<Tt,<tv\ 
[0 0 5 8] m5frbme<Dr?$L7v-X\t. itti5 
7 4^ y dfl 5 6XtFv^ ^15 3 Lfc^, « 
40 ttS 5 7 , *ffiS 5 8 Sr^ttS t LT^Jffl 

06 (a) (b) {cMs«saei^*wx^T% 

mfiiJl5 8§-^->^>-i/|^5febTtlll6 (c) 

[0059] &,±mw L-tzi¥M^micx v , *mmm<D 

[0 0 6 0] ft}^ 3t^^6SS<o^»^(co^^rl^w•t- 
S„ rrt?(i. »fliJ;(3ft55tW«S§(co^TIfe§g-r 
5, @6 (d) tstipi:, mrieLfcxs-effl.fcttfc 
^SifSffl^S6 i±fc, 1»Bg6 2Sr&*t, ftv>-C* 
so 6 3 SrOTI 6 2 0±*»fe«*, «fiBa**-ft¥Bi 
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s 0 mmimm. m^mm\mm, ^mmtmmzz 
s» mftmwM(Dm$ftmwi®<nmm\ x <o ytzmtt-t 

S„ r^fcfe, £»S«6 3?rffiffli-?>^(C|43tSji 
-fS£fl*«3rteJf1-S„ 

[0 0 6 1] ?sHt;B# left, MSri^j&£tUo^ <fc 5 ici- 
5c «fll^^*-rs#^-('tt, J3ft^^tf5tJ:V\ Site 

5t5S, ^77 Kir L.T«^*>K-?rOfc(OSrffifflL.Tt) 
v\, rron^ Keii=T<t01£aW*^Wi|s|-^ji 
[0 0 6 2] ft^&SgirftSjStflgiLTtt, 

o*mfc«^-*«*t*«:< 1"5 n t tf J T?# So ttlB<o 

[00 6 3] [12 HJ60IJ] #3S3l!0>**ftI&©«*27 

y*fifefi©*J!6»*f-C, ;ifciJSig8&cDft#fgR8 2\-m#im 

[0 0 6 4] Ytr^!)yh«LTfffi 

[00 6 5] 010 fi#A^)<7)3fc:-g-JE^(35^afl5«S:El 
1 0 1 tr, -g-SEUr, ^8K«<©3teiP|E«iM|S 10 2, 10 3 

I o o 6 6 ] m 1 1 i*ytmm& 1 1 1 

£\ 1 2 (r©^!)5uM?)K«I«l; 

&S) -e«tt3t*Sj£A«o-Ct), W.&Ltz-]jfa<D%.m$i® 
^tt^R*t*# 3 *v ^ A, Hi: A/ if ^ Lfcv 
-e»Hl*^5. Ltfot, £^gpi 1 2T^f©#A 



74 

[0 0 6 7] «±©J:5l!i*«WkiJ:*ttf, ttf©^^ 
-^Sr^SgSt LTi< rt^pTtlT-fet), 

[oo6 8] ffi3nmm *mmmx&m-tzftm$i 

KfcoVvf, 115, H6©fts»I&0*StW3^-CRW 

[o o 6 9] ffiktfx&m^xmmti,. »i^m 

J¥©S i mmi> i tef&£tltL6-<( ><?4><OS i 
H5lC^-f-S«5 1 t L-CfllV>5 0 ^©9x^C ( »K 
T&fcifc©— o-e&«*^tf-Afc#«fcfc£ 3 , C r ir A 
u^r-ttt-^tbl 0 nm, 2 0 0 nmaKLT^KUSS 
152 SrJB^fS. 

[00 7 0] y T § KMWfttrx t°v 

Jl 5 3 £J&£-fSo 7tH)y^?7^ti97tH' 

pgRco-^^Jls 3 ^s/^v^fSfc^-rs, rHt, 
a&Jl5 2£gtB£-fr, «PS5 4S;»*tS. 
[0 0 7 1] r©&, 7* hVv'x htrMMtlhS. HP 
SR5 413*!) y b«SrfC*5!9, -?r©(gfi*J Jr-t 2 /t m 
T-fcSo 0 7l^t,t5C, r.W^3i^S:I7-^ 7 1 t 
LT/^T, lSf5 2^SiLt, m&=-v>Ti\'h. 

3£ffl^T, M5 0t, &«mSfHB£ 5 A/ d m 2 
N i -;/*£rffft5o Ni^s/drtt, *"fs PP«|55 4 
*»P>«fW> fiKSL, -^^i7Jl5 3±(Ct^ y^JS*Si£*S 
So ^<Lt, H5 (d) lC7frt¥PiffiW;ffimti;<D* y 

7 2 i Ltttyf^-h;^^#J©t©?rffflt 

So 

[0 0 7 21ft!:, tffCVD (Chemical V 
apor Deposition) }5fe(C <fc «5 , P S G 

(phospho — silicate glass) £r 
3 5 OVIZX 1 /t mfiSJlU 5 7 Sr^-fS (U 

5 (e) ) „ i^^T, m^tf-A^fetiO, Tit 
A u£ ^avetll 0 nm, 2 00nmffiMtLT*R 
tT^ffl«HJl5 8SrJgriiU El 5 (e) ©^Mffl© 

[0 0 7 3] r©^S?r!7-^i: LTfflV^T, 
®^?r^1ii: LT, MIEN i ^ y^CTMS CC, 
5 A/ dm 2 -? N i ^ y^Srff*V\ 



ft ffl 200 1 -42 1 50 (P200 1 -42 1 50A) 



15 

6 l&J&fc-fS (06 (a) ) . 7yffci:#flS7 
V^7AiW*g-g-*Sf£t£lI]6 (a) L 
T, itti5 7-C*5PSG8rsyf^»SU ££ 
5 1 ir 6 1 «r3W«H-S r^mt (0 6 

(b) ) „ z.<nm, &mmmmm5 sot i t^^c^ 

*£*l3„ Z.<D&K. MMIi5 8 0Au4ftIi 

^ffiSSffl^SrJFM-TS (116 (c) ) „ 
[0 0 7 4] ftflttftOXttttill 5 (d) fc*i-*P3tttt 
MiOtfas ezft-tzmfc-vhy. iS (e) . i60I 

[0075] *nmm<o%.m«L&m&Mo>ttmj;mct5 

T'tt, &§!i#&&3tf (-7^^-) T?JBjfcU itti/ 

[0 0 7 6] fcfc, EI6 (d) S^HS? 
ftt57t hJKy-r— *>e>*5#ffi6 2&&M6 1 fcj* 
TU 3df*l£6 3 £&5#7*S1££*ro±iate-li\ 

#y-r-6 2«#7*X«6 3 «fc DKJBJr*-C*>$;/S: 

[0077] mz. ±.m<Dim$ytm$it& zti 

rr-tt, Dtifiitiio. 8 iimflfroffi**^— if 
LTiip i n* V K&ttJSL 

[0 0 7 8] SI 2I^*SV^T, BISJtv— iff y 7*1 2 
0 1 (i&Oj; 5 &«j££^r-t"5o G a A s 1 2 0 2 
±{C, A 1 G a A s /G a A s l^FSttJl 12 0 3 
t A 1 G a A s *^-f Jf lSES*igf§&, 
A 1 A s /A lGaAs©l/4 i8*J¥©#Jg& ( 2 0 
~3 0*l*iJg) *»?>^*DBR (M^7y^Slt) 5 
7-1 2 0 4, 1 2 0 5T**tfi 5 t-, MOVPE W 

fe, PJSMKfclSttJi 1 2 0 3*T?xyfyirLTlJH)5 
«W*jt*rJBj*L,Tl^5. -ttT, #y-TS KT?Dfl«SrS 
tb&AsT-VMikU S i N x «©|»K*JBjSL-C*HI 

[0079] ^mmmx-iDi^-^yzf^ X« N ffi$* 

If K>*3t««i9S £#cDf y 7° 



(9) 

i6 

So fcfc'U *HI6«T-IS, GaAsSSil^yF^ 
■YS/7°iSft0. 83 w m©AlGaAs/GaAsffit 
11 2 0 3Srxt , ?if-i/^SLt^5fc» > G a A 
s£ll 2 0 2tf5@MKfl£i:fcoTl,£5o -t^T\ Ga 
AsSSl 202&DBR5 7-12 0 4 ^Kffi-rS $ 
tiyfy^|cJ;*)i*Lt^*l 2 0 6Sr»fifeU 
1S1 20 2fi!l*>fc3feSrBtU W*5«itt LTV>S 0 
[0 0 8 0] u— iff y7*%itg-r5s iSifil 2 0 7 
io jai, Blg^u— -Jf 12 0 1 CSJJtSIS^S' K 1 2 
OSWUfc!), ifiEti h7Vi?;** 1 2 0 9 
fc*«L-0->5„ S i mm 1 2 0 7 _ktf>gai& 1 208tt 
Cu/Ni/AuCD^ydrfiaO^Ltfe'), AS 

5 0 u— iffy 7° 1 2 0 liwmffigPiS 2 0 

7±0>«ffiXs, Kl 2 0 8^T7-T^^hL-CJPfi-r5 

[00 8 1] rwS^WSS-a-li^^ySrffid^©^ 
fc, Aumiil^±SrJE*aS)S^ttjS#«ESr^tt-C«-a-i- 

JW*r»*LT, JPJEE, ilOf&LTt £0>*g\ Au 

BfiflS:^ y^T^lT 1 0 it mHirof^fcLtfclt 

So 

[0082] 3ffiffl2MK 1210 fcttH 1 2 Jc* 

ti5C, p inS*h^^--K12l 
T^-5 0 * h?4*— Kl 2 1 l©8ligrau HI 2fcl«E 
BS^f «t5i-ftoTV>S„ -rftt?%, P~ (tt) -Si 

so mmi 2 i o^^t^^nrnmi 2 1 2 tr&tsifcj: 

0 Si0 2 ^O|gWl2 13%MLT 1 y 
^^©Sgl 2 1 4tiJ;tf-5:<Z)iBi||Sr^-r5o nl 
*jcl 2 1 2 tcOfl:®^^^^ htt, iilgl 2 1311^ 
fV— /W^figLtmSl 2 1 4 J; V\, 

»J*i"5. P-S«{c«ff-^ii*Sffi<0 F7^^ 1 2 

1 5*ma$nTV^5 0 

[0 08 3] W±W J; 5 fcf^H Lfcit{f{|iJS« 1207 

tsffifiosKi 2 1 o$\ frmmmx-te, ytmifc&e 2 

[0 0 8 4] Hi 3*5<tO501 4f4*HJS^!|(' J; Of^S 

3^?'>3y§I13 0n?Sb5 0 LSIfy7°130 
2<£>|figt£-a-:fc>-frT, ^^^-y 3 yiI13 0 
lird, LSI 1302£COI (input) /O (o 
u t p u t ) 5r*T*fT 9 1t V><r>W&% V— If 1 3 0 3 *5 

hit 4*— ki 3 0 4^m^.utztti^tiomm 

ifimmiStlX^&o tLT, ffi«3tl — ■ If 1 3 0 3*5 <£ 
b y-f *- K 1 3 0 4 ©AW*tffi«fc»jffi:-f 5 J: 5 
so |c, ^V?3^^">3ViIi 3 0 llllrttfiS 
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Kl 3 0 5tfS3g?)jSP>£*l-C^5. 
[0 08 5] IH l 4 1 14-t ©iTlfcBBBttSr^** i? *f 

f 1 30 3ri>P>©m3tfttfS, ftsgfiSSl 3 0 5IC«t5g 
SSl 4 0 If* VtT4*— Kl 3 0 4{ce^^iX'5m^- 
$r*LTV>5 0 LS I 3 0 2 ?: [§| 1 3<D£o\Z 

%4i/*zi%>;*sa >-mmi 3 o i\cgmtzzbx\ 

[0 0 8 6] [» 4 Hlfe^J] Jt*^ 

fA, 0. 9 8 /imfOB«)tl/- lf£«kfflLfco 015 

d&^x, ffinsftu- if i 5 o i \s®.<r>m&*ft o 0 G 

aAsSfe'1 5 0 211:, I nGaAs/GaAsi>f) 
* 5 2 fi*T-#F&ttJf t A 1 G a A s +fj§ 
*»e>*5 1 S£*ftggl4\ Al As/AlGaAsCl 
/ 4 jSftffro^e^btSS D B R 5; 7--Cj*Lf1?&jg£ 
aiLTV^, 5 0 3fc«flt»E^*fT*5fc 

RSm«£t£Jfi£^£T-^y^>-^Lfcm, #y^ 

^V^'LT^fcDBR 5. 7— ©{I!jffi©A 1 Asl©* 

0. 9 8 y m^©fG a A s 1 5 0 2 %%£r&&-£ ?> 
rt))St*f 5„ irtU IM^f 150 1^0 
Jt^tHT?t 5i5 1 5 0 4 ©— SBK&SrfcttT 
V>5„ IU— S«l 5 0 2±fCtt->3 y h^—^y 

TSFET (*B*) t>JM«fbU-C*)t), as»*u— 9 

[oo87] iii 1 5 \z7ja-rmm<D 1 3 g^st^t l 

Tfi, y h*-^!)7S* Kl 5 0 5£ 

fflV^c. 5©J; p*#^miil 5 0 

tl(4M SM (Metal— Semiconducto 
r-Metal) K t Wt£*lX ^5. #H 

*6«9jT-tt, ^UtttWG a A s S« 1 5 0 7 HTV K— 
7°cOG a A s /<s/7tS 1 5 0 8 Sr 1 . 5^mff(-^fc° 
^C-r/HfcftU *&&lggl 5 O 9 i LTS iNx^ 
«LT*»b«fiS«*»figL-C» Hll 5©J: pWll 
1 5 0 6 5rf^iaLTV^o r©MSM*h^t-Kl 
5 0 5(1, ma&teMkmfflc #3t3Si8EK 1 5 1 1 CO 

[0 0 8 8] «±<&j:5K:fls»Lfc*ft*^ S*** 
£s i i?3:^±»j:|B3*Jt«i:PI«©#«fefcJ:»»*aiU 

[0 0 8 9] o^T, 3t*»K©f^*|*ifeSr»Mi- 

Ti^-So S«&trMPfflro-+feHtJB3*llS«li:BI«i:L 
fc„ @5 (e) <&«ttJH«r»Jifctf-i\ TitAu 



(10) 

®5 (d) ) ±icjBriw-5 0 r©@L ^s^mmi* 

X. ?S?a4 0 < C, IIiIMlA/dm2fAu^y 

[0 0 9 0] fcic, ASOSWKXSlco^-CttfH-rs. 

io J; 9|fc*U *HS^A r £fflV^-f 5 y ^KJ: 
•9l^*Lfc^{e:, TMAH (Tetramethyl 
a mm oniumhydroxide) AS£f£K:8l?f 

Litmm*.®mc&m&®nti^ n i ^©^ram* 
fljjg^^yf-v^^u, me ( c ) ics^im*© 

[00 9 1] ffi^JfeU— y-'l 5 0 1 *5<fctfMSM 
20 *h^^--Kl 50 5^LfcSi!>iA±^ i 

#**#yr$ K**tt**TU ^tfy^-h^ir 

fHSfb-rs r t X-tf y -Y 5 Kd»fe*5^ 9 y KI15 1 

0 -SrJ&frf 5. SfcVT, ?5yKil5 10i fiS&S 

y Kg i 5 1 o±xi£m. mauti>iz&* &Mzmm-f 

%~tXft,mm®*T 15 11 ?rMt5rtASt?# 
fc„ 3Ti:*5^y^5 Ktt^?y Kgl 5 1 0 <fc!>S 

[0092] *nmm\c£ v , ss**^, ^ytmi-. m 
[0093] imsmrnm *$&m\z£zms<Dmnm 

It SOI (Silicon on Insulato 

r) mm*x.mmmmi&. a&wtm*. m*m*<om 

3*J«fctf&4©!!Jfc0»li:|im *#&SS^e«$-frT, 

* 3}-- K-e^m-r5t©-e&5„ 

[00941 I16t\ Si S|g 16 0 1 ±(C Si0 2 

1 6 0 2*3iUtT>- K— 7"S i JB (0. 3pmia) 1 
40 6 0 31>mf8.£tl1tSO iStRKl, ^4HliS^t^ 

MSM*h^*- Kl 6 0 4*S^§iXTU'»So 
*fc, *^(t«5fc»fcpSt1RJll 6 0 5jS*R»Tfc*l» 
ffi*3tt"— tfSflftffi© YU'<k LT^JK— 7 
v 5 ^.^ 1 6 0 6«r*8Hfc:L-C^5 0 Ih7^^16 
0 6m Sifl603tnteiil 607^L 
T3^?i«1 6 0 8«$Jl„ pMl£tS:Sl6 0 
9Sr^LT^<-^«ffil 6 1 O^^^tL, ^?>{'n 
SitmJl 16 11 *MLTi $ •> ^SH 1 6 1 2 

so [0 0 9 5] *Ht«»mt MffiLt^ GaAs 
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&fS.±.\Cy<^ K^-Vs/y&SO. 77^ra»AlGaA 
s/G a Asffitti^xtf^af->+/^SLTfflUfc 
jE38ft^— tf^y^l 6 1 3 £fflV\ SOISS16 0 
1~1 6 0 3^HigLT^5„ ftfflWOfcft, flSl 6 
1 4l;^ffl*l 6 1 5Sr^LTV>5o SOU 
««ffi^e>7tW^S*tf SiIKl601ffl- 
3S£S i O 2 1 6 0 2^X'^yf-y^\^xm.hn (1 6 
16, 1617) LT^5. 

[00 9 6] SOI StSKSi-ii, 5* 7 7 K 1 6 1 8 *5 
iU=7 1 6 1 9*»b*53t**B*«JKj*Sil-CV^5. 
*HJ£#I<£> SOI S« 1601-1603 ±{Cjtg^® 

msssr^bfc^a-, 7 v 5'7 p ^cDie^<7)-gi5fc*^t> 

[00 9 7] 4-*-T?<r>HJ|0St , «, ft^SEB&SrgJferoX 

fiv'- h±^t^-e#S. H 1 7te*-co#J£*LTl^ 

[0 0 9 8] 7^->7 , ;w>-M 7 0 1 
SS 1 7 0 2 SrfESS U #-Kl 7 0 3, 1 7 0 4, 17 

- Kl 7 0 3|*1©MCM (v/Vffyytv 5 !- /W) 1 

7 0 6, i 7 0 7^t, mmicytmmfti 7 0 8%fr 

[0 0 9 9] jfefc, 4-^T-»Hi|0i)T'(i, MiftL 
T, G a A s £1£_k<D I n G a A s /G a A s Jfc-^A 1 
GaAs/GaAsi©(|i|5:*Ltf >b *>-^ft&<£>W 
fcft, -r^t3*>#fe**(DG a N5^, GaAsIg 
±coftftg^i|SfT-fo5G a I nNA s , GaAsSb/f 

rats© r. b&3mx-zz 0 1. 3 1. 55 

#5fc«>, I n G a A s &5W1G e i^o 
[0 10 0] r^T'*lf7c3IJg«T'«, 

* 5 fc ft*38« Kia*****^^* 5„ 
[0101] 

[0 10 2] *«WtJ:ntf, ^7*fe»-«t9f^ 



(11) 

[EffirojffiHiftfftijn 

[Hi] *«WkiJ:iJt*«B©««tSr»W-*-5ia-C*) 

So 

10 [12] **Wo**«KS:fflv^*'f ^^=*^S/3 
[H3] *f M<*3MifitK^fflv^)t^ ^ a 

[H4] *»W©3t*«»«r»*-r5fc*©^y*fcJ: 
[H5] **Wi!iiS3teW*K©f^||^jfeS:RW-t-5Bf 
[H6] *«WfcJ:53ti»«K©f^»*jfeSr|ftW-r5Wr 

20 [ni7] *mmc£z%mm&<oftMjj&-?m^z* ? 

[H8] **Wfci9f^»bfc3t*«K©'e-ffl?K«Sr 

[Hi 0 ] *»MfcJ: Of^»Lfc**«l&© r Sffi»« 
[811] *»MK:J: Of^«Lfc*J»«»©«ffl»* 
30 [Hi 2] 44ggl§<8%*j£tt«\ «Jt*^-*iJ;WS* 

mscaj Sr^-r— gpfiK^f u tzm mm x & 5 „ 

[Hi 3] **WlcJ:53t'f^^3-*^->ai'SlllSr 
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